OBJECTIVE -Despite the increased shifting of health care costs to consumers, little is known about the impact of financial barriers on health care utilization. This study investigated the effect of out-of-pocket expenditures on the utilization of recommended diabetes preventive services.
I
n light of the trend toward shifting the burden of health care costs to the consumer, an understanding of how outof-pocket expenditures impact use of diabetes preventive health care is needed.
In recent years, managed care health plans are being driven by large employer purchasers toward offering lower cost products with increasing levels of cost sharing. Cost sharing, a common form of "demand management," has been shown to reduce excessive utilization (1), yet there is relatively little known about its impact on diabetes service utilization. One concern is that the use of copays may unintentionally result in suboptimal use of essential care and medications, particularly among the poor. Thus, cost sharing may become a self-defeating strategy if it poses financial barriers that lead to poorer health outcomes and greater future health care costs.
For the most economically disadvantaged patients, cost sharing has been associated with reduced essential use of processes of care (2) , medications (3), and self-care supplies (e.g., test strips for selfmonitoring of blood glucose [SMBG] ) (4) . The magnitude of the effect of a financial barrier (price elasticity) may be modified by a patient's socioeconomic status, because fixed copays represent a greater burden for the poorest patients. Price elasticity may also vary depending on how patients value and prioritize the importance of health care versus personal cost saving (5) . Both patient attributes (e.g., educational attainment and language abilities) and provider attributes (e.g., promotion of self-care activities and quality of provider-patient communication) might further modify sensitivity to cost by imparting a better or worse understanding of the value of the processes of care and self-management.
To explore this issue, we studied whether higher out-of-pocket costs within the managed care setting (attributable to copayments, deductibles, or having to pay full price for services) were associated with lower use of three diabetes care processes that are recognized as standards of treatment: annual dilated eye exams, health education, and daily SMBG among insulin-treated diabetic patients. We hypothesized that the relationships between financial barriers and use of these processes of care may vary by patient characteristics, particularly socioeconomic position.
RESEARCH DESIGN AND METHODS

Study setting
This research is part of a larger multisite study of how managed care systems influence processes and outcomes of diabetes care called Translating Research Into Action for Diabetes (TRIAD) (6) . The fundamental hypothesis of TRIAD is that structural and organizational characteristics of health systems and health care provider groups affect the processes of care, which in turn influence health and economic outcomes. Six Translational Research Centers collaborate with 10 health plans and 68 provider groups, which serve ϳ180,000 patients with diabetes. The six centers are the Pacific Health Research Institute (Honolulu, HI), Indiana University Translational Research Center (Indianapolis, IN), Kaiser Foundation Research Institute (Oakland, CA), the University of California, Los Angeles School of Medicine (Los Angeles, CA), the University of Medicine and Dentistry of New Jersey (New Brunswick and Newark, NJ), and the University of Michigan Health System (Ann Arbor, MI). Managed care health plans are defined as entities that deliver, administer, or assume risk for health services in order to influence the quality, access, cost, and outcomes of health care for a defined population (7) . Health plans participating in TRIAD include staff model health maintenance organizations (HMOs), network/independent practice association model HMOs, point-of-service plans, and preferred provider organizations with forprofit, not-for-profit, Medicare, and Medicaid products. The provider groups include groups of physicians with contractual arrangements with one or more health plans that provide managed care services. The groups are often engaged directly in diabetes care management and may determine compensation arrangements and financial incentives for physicians and specialty referral policies.
Study design and data collection TRIAD study methods have been detailed previously (6) . Briefly, TRIAD is a prospective cohort study that includes data collection from health plans, provider groups, and diabetic patients. Patients were eligible if they were 18 years of age or older, were not pregnant, had diabetes for at least 1 year, were continuously enrolled in the health plan for at least 1.5 years, and used services of the designated health care plans during that time. In addition, patients had to speak either English or Spanish. Patients from provider groups with Ͻ50 patients with diabetes were excluded.
The data reported here are from indepth information from patients questioned by computer-assisted telephone interview or mailed survey during 2000 -2001. Ninety-one percent (11, 922) of the people who were contacted and found eligible responded to the survey. If patients unable to be contacted had the same rate of eligibility as those contacted and were counted in the denominator, the survey response rate (1) would have been 69%.
Statistical analysis
The outcomes of interest were dichotomized variables based on at least one selfreported dilated eye exam and a one-onone or group diabetes education session during the preceding year. A dichotomized measure of daily SMBG, among insulin-treated patients, was based on selfreported usual practice of SMBG at least once daily for at least 6 days a week. Outof-pocket expenditures for eye exams, health education, and SMBG test strips were categorized as free ("none"), partial payment ("some"), and full cost payment ("all"). Consistent with published practice recommendations by the American Diabetes Association and the American Association of Diabetes Educators (http:// www.aadenet.org/index.html), we consider these outcomes normative processes of care and self-care. The American Diabetes Association Clinical Practice Recommendations (2) recommends at least one annual dilated eye exam for most diabetic patients and daily SMBG for insulintreated patients as standards (8) . Although no clearly recommended frequency of diabetes health education exists because of the prevalence of inadequate health literacy and the complexity associated with self-management of diabetes (9), periodic attendance is certainly warranted.
Hierarchical logistic regression models (SAS GLIMMIX Macro with penalized quasi-likelihood estimation method), with random intercepts for health plan, were used to account for the clustered study design (health plan, provider group, and patient levels) and dependency of patient characteristics within health plans and provider groups. When outcomes are common (e.g., Ͼ30%), logistic regression odds ratios (ORs) become poor estimates of relative risk (10) . Therefore conditional probabilities were estimated for each level of out-of-pocket charge rather than relying on ORs. Whether the relationship between out-ofpocket cost and service utilization was modified by other factors was evaluated by testing the significance of crossproduct terms (e.g., interaction between copay and annual household income). We focused largely on unadjusted model estimates rather than the adjusted estimates because the process measures studied are normative standards of preventive care that should be applied to all patients with diabetes, regardless of demographics or disease severity (8) . For comparison, adjusted models that included sex, age, race or ethnicity, income, education, preferred language, health plan location, diabetes treatment, and the presence of comorbidities were also specified.
RESULTS
Subject characteristics
The demographic characteristics of the patients studied were reflective of the general population of individuals with diabetes in the U.S. in that they were skewed toward patients Ͼ45 years of age, were racially diverse, and had a somewhat larger representation of lower income and poorly educated individuals ( Table 1) . The majority of patients were treated with oral agents, insulin monotherapy, or insulin/oral agent combination therapy; whereas less than one-tenth controlled their diabetes with diet and exercise alone. Very few of the patients were unable to communicate in English. A total of 75% of subjects had a dilated eye exam within the previous year, and 70% of insulin-treated patients practiced SMBG at least once daily. In contrast, only one-fifth attended health education during the previous year. Most benefit packages covered all or part of these three outcomes.
Influence of out-of-pocket expenditures on utilization For dilated eye exams, the conditional probability of utilization was significantly lower for individuals paying full cost (P Ͻ 0.0001): 70% (95% CI 64 -75) of individuals paying full cost, while 78% (75-82) of those receiving free visits and 79% (75-82) of those paying some share of the cost
Karter and Associates
DIABETES CARE, VOLUME 26, NUMBER 8, AUGUST 2003 received an eye exam (Fig. 1) . Similarly, significantly fewer patients paying full cost reported attending diabetes health education in the previous year (P Ͻ 0.001), i.e., only 19% (14 -25) of those paying full cost, but 29% (23-36) of both patients with free services and patients paying some amount received such education. Among insulin-treated patients, the conditional probability of daily SMBG decreased significantly as the out-ofpocket cost for the test strips increased (P Ͻ 0.001): 75% (68 -81) of patients receiving free test strips, 68% (60 -75) paying some share of the cost, and 59% (68 -81) who paid the full cost of test strips reported daily SMBG. Interestingly, these relationships did not differ across income groups (no joint significance in interaction between cost sharing and income). Moreover, the relationships were not altered by adjustment for demographics (sex, age, and race or ethnicity), socioeconomic indicators (income and education), preferred language (English or Spanish), severity measures (diabetes treatment and comorbidity score), or a provider quality summary score (primary care provider discussed hypoglycemia, glycemic targets, or medication adjustment or reviewed SMBG records).
CONCLUSIONS -This is the first large multicenter study of the relation between out-of-pocket charges and use of diabetes preventive services in a managed care setting. In relation to published clinical care guidelines, we observed underutilization of recommended preventive care services, even among individuals who received free services. Copays and full-cost services were associated with even lower use of these processes of care. We speculate that this is likely because cost functioned as a disincentive. The differences in use were clinically relevant and statistically significant; relative to services with no copay, full-cost services were associated with a 12% lower use of dilated eye exams, 53% lower attendance at health education classes, and 27% lower performance of daily SMBG. Patients may perceive health education and SMBG as "optional" and are thus more sensitive to the cost than for dilated eye exams. It is also possible that physician beliefs about the efficacy of the processes of care may have influenced utilization by patients. There are clearly different levels of evidence supporting each process, par- ticularly health education. Given the increasing emphasis on the three care processes studied, we felt that the likelihood of health care providers recommending that they not be utilized is small. In addition, extensive adjustment for patient clinical profile and provider characteristics by level of out-of-pocket expenditure had no discernible confounding effect on our point estimates or their significance. Additionally, contrary to our a priori hypothesis, the cost-utilization relations were similar across income levels and a wide array of other patient characteristics. Thus, our observed price elasticity effects should be widely generalizable.
Previous studies have also detected reduced health care utilization with increasing out-of-pocket costs. The Rand Health Insurance Experiment (1), a randomized clinical trial, demonstrated that providing free services increased utilization and also benefited health outcomes. Our study is the first to examine these relations, albeit observationally, specifically in preventive diabetes care. Previous studies have been inconsistent in terms of whether the price elasticity effect on service utilization varies across income levels. Consistent with our findings, a study (11) in the general population of the Puget Sound area of Washington found no differences in the relation between copay amount and utilization between health maintenance enrollees with higher and lower income. Karter et al. previously (4) reported a copay effect (decreasing SMBG practice with increasing out-ofpocket charge for test strips) across all levels of income but observed an accentuated effect among the poor. Additionally, previous studies have shown that patients are more price sensitive when they perceive a health service as optional and are less likely to vary utilization as a function of cost when they perceive a service as essential. For example, among patients experiencing myocardial infarction, Magid et al. (12) detected no association between copays and delays in seeking emergency care. This perception of essential versus nonessential services may account for the different utilization rates observed between the three processes of care, although we have no empirical data on patient perceptions and thus cannot rule out alternative hypotheses.
There are other limitations to this research that must be considered. Our study analyses are based on self-reported utilization that may introduce bias in the results. Studies investigating whether patients are reliable reporters of medical care processes report conflicting findings. Good correspondence between selfreport data and other forms of more objective data collection have been reported. A previous study from one of the TRIAD sites (Kaiser) showed the correspondence between self-reported SMBG frequency, based on a question similar to that used by the current study, and pharmacy records of test strip utilization was quite good (13) . Particularly among individuals with preexisting chronic disease, recall has been shown to be fairly accurate and without preferential recall, whereas more objective data collection such as medical charts and administrative medical records are frequently less complete for processes such as health education or SMBG frequency (13) (14) (15) (16) (17) . In this study, however, the contribution of reporting bias is assumed to be small, since it is unlikely that subjects with high copays remember or forget visits at a different rate than those with low copays. In fact, given that recall is likely to lead to a nondifferential misclassification, our findings are likely conservative (biased toward the null) (18) . An additional limitation is that crosssectional associations preclude causal inferences. We note a relation between out- of-pocket charges and utilization of some preventive care practices, although we cannot conclude that utilization would change if charges were modified. The propensity for high utilizers to purchase more comprehensive health coverage (with lower copays) could inflate the inverse association between copay and utilization. However, there are typically no within-plan coverage choices or only very limited options (19) , so in order to influence their cost-sharing requirements, patients would need to switch health plans. Thus bias due to selection of benefit packages based on anticipated use should be minimal. Additionally, control for disease severity would further attenuate any bias. Previous research at one of the TRIAD sites (personal communication, W.H.H.) suggested that patients might reduce use of covered preventive services if they erroneously believed that the service was not covered. In our study, we used selfreported copay amount, which should reflect patients' perception of the cost. But bias may be introduced if the provider takes into account copay amount when referring for services (e.g., not recommending dilated eye exams for patients who have the highest copay). This possibility is probably rare, and we assume it to not be a source of substantive bias.
The need to improve quality of care for diabetes has been a major focus in the U.S. in recent years. National studies, including the Third National Health and Nutritional Examination Survey (20, 21) , U.S. National Health Interview Survey (22, 23) , and Behavioral Risk Factor Surveillance System (24) have reported suboptimal use of most preventive diabetes services despite demonstrated health benefits. If service utilization is price elastic, out-of-pocket charges are counterproductive if they hinder quality improvement efforts. We observed underutilization of dilated eye exams, health education, and daily SMBG among diabetic health plan members receiving these services at no cost. Members who paid full price were even less likely to use these services. Benefit packages structured to derive greater fiscal contribution from the health plan membership that result in suboptimal use of preventive diabetes care services are self-defeating strategies because of the likelihood of poorer clinical outcomes, greater future costs, and lower health plan quality ratings. We are now facing an unfortunate convergence of a diabetes epidemic, rising health care costs, and rapidly evolving health insurance benefit designs with increasing cost shifting to the patients (25) . With the increasing demand for quality of diabetes care, it is ever more critical that managed care health plans and large employer purchasers carefully evaluate the unintended consequences associated with imposing cost sharing for health services that patients may consider nonessential or that have demonstrated price elasticity.
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